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OF THE INVENTION 

METHODS OF OPTIMIZING RECORDING CURRENT AND SETTING RECORDING DENSITY 

OF HARD DISK DRIVE 

CROSS-REFERENCE TO RELATED APPLICATIONS 

[0001] This application claims the priority of Korean Patent Application No. 2002-79750 filed 
December 13, 2002, in the Korean Intellectual Property Office, the disclosure of which is 
incorporated herein in its entirety by reference. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

[0002] The present invention relates to a hard disk drive, and more particularly, to methods of 
optimizing a recording current according to an operating environment temperature, and setting 
tracks per inch (TPI), or recording density, in consideration of the adjacent track erasure (ATE) 
characteristics of a head. 

2. Description of the Related Art 

[0003] A hard disk drive is a recording device used to store information. In general, tracks 
are concentric circles formed on a recording surface of a magnetic recording disc, and 
information is recorded on at least one track. In the hard disk drive, a disk is rotated with 
respect to a spindle motor, and information is accessed by a read/write unit built in an actuator 
arm that is rotated by a voice coil motor The voice coil motor is excited by an electric current, 
rotates the actuator arm, and moves a write/read head. The write/read head senses a change 
in magnetism generated on the surface of the disk, and reads information from the recording 
surface of the disk. An electric current is supplied to the head to record information on a data 
track. The supplied electric current generates magnetism and the magnetism magnetizes a 
portion of the recording surface of the disc. 

[0004] Recording density can be increased by increasing a density of track, (Track Per Inch; 
TPI) and by decreasing a flying height (FH) of a head. However increase of TPI and decrease 
of FH may cause erasure of data recorded on a track adjacent to a target track due to the 
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magnetism generated by the magnetic recording head. Such a phenomenon is called adjacent 
track erasure (ATE). The ATE becomes important when a recording current generated by the 
head is excessively high. However, the recording performance of the hard disk drive 
deteriorates when the recording current is insufficiently supplied. 

[0005] Meanwhile, as hard disk drives have been developed to have a high capacity, or high 
density, the TPI has been required to increase, thereby causing track width to become narrower, 
and thus, recording control performance needs to be improved to adjust a recording width of the 
magnetic head, and reduce noise produced by the magnetic head. 

[0006] US Patent No. 6,101 ,053 discloses a method of setting a write condition by recording 
data on m+1th and m-1th tracks of a disk by a specific offset, measuring the rate of errors in 
data recorded on an mth track, and setting tracks per inch (TPI) to adjust the rate of errors to a 
desired level. However, this method is not capable of preventing ATE of a head caused by a 
level of a write current, which is a portion of the recording current, as will be explained later. 

[0007] Conventionally, the recording current is optimized in consideration of the degree of 
ATE of a head during a burn-in test process of a hard disk drive. 

[0008] To prevent ATE, the level of the write current is reduced through adaptive read 
channel optimization (ARCO) in a hard disk drive, for respective data zones of a disk, or 
according to temperature. 

[0009] In general, during manufacture of hard disk drives, adjacent track writing (ATW) is 
performed several hundred or several thousand times, to adjust heads undergoing ATE. In 
general, during manufacture of a hard disk drive, processes such as a servo write process, a 
functional test, and a burn-in test are sequentially performed. The servo write process records 
location information on a disk. The functional test checks whether a maintenance cylinder has 
defects or whether a read/write operation can be satisfactorily performed in a data zone of a 
disc. The burn-in test carries out optimization of a read channel and optimization of a write 
channel of the hard disk drive. The optimization of the read and write channels is performed by 
a controller included in the hard disk drive. 

[0010] More specifically, the coercivity of the hard disk is varied according to a temperature. 
The coercivity is decreased at high temperature and increased at low temperature. 
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[001 1] To solve this problem, conventionally, the write current (WC) or an overshoot current 
(OSC) (which, as previously mentioned, is part of the recording current) in the hard disk drive is 
optimized according to the temperature of the hard disk drive. More specifically, the WC or the 
OSC is increased to reduce the coercivity of the hard disk drive at low temperatures. Similarly, 
the WC or OSC is reduced to increase the coercivity. 

[0012] But the conventional optimization of the recording current is disadvantageous, in that 
the recording current is optimized at a room temperature during the burn-in process, and the 
write current is uniformly increased or reduced to a predetermined level at environmental 
conditions during use, e.g., a high-temperature mode and a low-temperature mode. That is, 
since the recording current is not optimized in consideration of the characteristics of the head, 
the write current may be increased or reduced to an undesirable level, and cause deterioration 
of the performance of the hard disk drive. 

[0013] In particular, the conventional optimization of the recording current does not consider 
thermal pole tip protrusion (TPTP) affected by a level of the OSC. Accordingly, when 
conventional optimization is applied to a head of a high-degree TPTP, the level of the WC or the 
OSC become excessively high or low, and thus a head/disk interface (hereinafter referred to as 
"HDI") worsens. The deterioration of HDI is likely to cause many problems, such as damage to 
the head, thermal asperity (TA), and a reduction in altitude margin (marginal change due to a 
change in the FH of the head due to a change in an atmospheric pressure). 

SUMMARY OF THE INVENTION 

[0014] The present invention provides a method of optimizing a recording current, the 
method including: measuring recording characteristics of and degree of adjacent track erasure 
(ATE) of individual heads of the hard disk drive; storing the results of the measurement in a 
system cylinder or a buffer; and one of adjusting levels of one of a write current (WC) and an 
overshoot current (OSC) to a minimum level in a high-temperature mode, while maintaining a 
recording capability of the individual heads, and adjusting one of the WC and the OSC to a 
maximum level in a low-temperature mode while maintaining an optimum bit error rate (BER). 

[0015] The present invention also provides a method of setting a recording density for a hard 
disk drive, including: determining whether a performance of a head will deteriorate when a level 
of one of a write current (WC) and an overshoot current (OSC) is high at low temperatures; and 
adjusting a number of tracks per inch (TPI) based on the determination. 
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[0016] According to an embodiment of the present invention, there is provided a method of 
optimizing a recording current, the method comprising measuring a rate of errors under a test 
condition corresponding to an operating temperature of a hard disk drive, while changing a 
recording parameter value, selecting a recording parameter corresponding to a smallest rate of 
errors; and optimizing the recording current for the hard disk drive under operating 
environmental conditions using the selected recording parameter value. 

[0017] According to one aspect, when the test condition corresponds to a low temperature, 
data is recorded on a target track a predetermined number of times, and the data is read from 
the target track a predetermined number of times. 

[0018] According to one aspect, when the test condition corresponds to a room temperature, 
data is recorded on tracks adjacent to a target track a predetermined number of times, N, 
wherein and the data is read from the target track a predetermined number of times. 

[0019] According to one aspect, when the test condition corresponds to a high temperature, 
data is recorded on tracks adjacent to a target track a predetermined number of times, M, 
wherein M>N and the data is read from the target track a predetermined number of times. 

[0020] According to another embodiment of the present invention, there is provided a method 
of optimizing a recording density, the method comprising measuring a rate of errors in data 
recorded on a target track under a predetermined adjacent track erasure (ATE) test condition, 
comparing the rate of errors with a predetermined threshold, and adjusting the recording density 
by changing tracks per inch (TPI) when the rate of errors is larger than the predetermined 
threshold. 

[0021] According to one aspect, under the predetermined ATE test condition, the OSC is set 
to a maximum value. 

[0022] According to one aspect, the measuring the rate of errors in data recorded on the 
target track under the predetermined ATE test condition comprises: recording data is recorded 
on tracks adjacent to a target track in a first direction, a predetermined number of times; reading 
data from the target track a predetermined number of times; and measuring the rate of errors in 
the read data. According to one aspect, a number of the tracks adjacent to the target track in 
the first direction is at least one. 
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[0023] According to one aspect, an error correction capability of the hard disk drive that uses 
an error-correction code (ECC) is reduced prior to measuring the rate of errors. 

[0024] Additional aspects and/or advantages of the invention will be set forth in part in the 
description which follows and, in part, will be obvious from the description, or may be learned by 
practice of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0025] These and/or other aspects and advantages of the invention will become apparent 
and more readily appreciated from the following description of the embodiments, taken in 
conjunction with the accompanying drawings of which: 

FIG. 1 is a schematic plan view illustrating the structure of a hard disk drive; 
FIG. 2 is a detailed block diagram illustrating the structure of each electronic circuit 
included in the hard disk drive of FIG. 1 ; 

FIGS. 3A and 3B illustrate problems caused by thermal pole tip protrusion (TPTP) of a 

head; 

FIG. 4 is a waveform diagram of the recording current; 
FIG. 5 is a graph illustrating a variation in TPTP of the head versus a change in 
overshoot control; 

FIG. 6 is a graph illustrating a relationship between an overshoot current (OSC) and a bit 
error rate (BER); 

FIG. 7 is a graph illustrating another relationship between the OSC and a channel 
statistic measurement (CSM); 

FIG. 8 is a graph illustrating examples of TPTPs of different heads; 

FIG. 9 is a flowchart illustrating a method of optimising a recording current according to 
an embodiment of the present invention; 

FIG. 10 is a graph illustrating other examples of TPTPs of different heads; and 

FIG. 11 is a flowchart illustrating a method of setting a recording density according to an 
embodiment of the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0026] Reference will now be made in detail to the embodiments of the present invention, 
examples of which are illustrated in the accompanying drawings, wherein like reference 
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numerals refer to the like elements throughout. The embodiments are described below to 
explain the present invention by referring to the figures. 

[0027] FIG. 1 illustrates the structure of a hard disk drive 100. The hard disk drive 100 
includes a magnetic disk 102 that is rotated by a spin motor 104. The spin motor 104 is 
mounted on a base plate 106. An actuator arm assembly 108 is also mounted on the base plate 
106. The actuator arm assembly 108 includes a plurality of heads 110 coupled to respective 
suspensions 112. The suspensions 112 are attached to an actuator arm 114 that is rotated with 
respect to a bearing assembly 116. The actuator arm assembly 108 includes a voice coil 118 
coupled to a magnet (not shown) mounted on the base plate 106. When energy is supplied to 
the voice coil 118, the heads 110 are moved toward the disk 102. In general, there is a head 
110 for each portion of the disk surface. The spin motor 104, the voice coil 118, and the heads 
110 are connected to a plurality of electronic circuits 120 installed in a printed circuit board 122. 
In general, each of the electronic circuits 120 includes a read channel circuit, a microprocessor- 
based controller, and random access memory (RAM). 

[0028] FIG. 2 is a detailed block diagram illustrating a structure of one of the electronic 
circuits 120 shown in FIG. 1. This electronic circuit 120 includes a pre-amplifier 172 coupled to 
a read/write (R/W) channel circuit 174. The R/W channel circuit 174 includes a R/W automatic 
gain control (AGC) and filtering circuit 176, a full-wave rectifier 178, and a peak detector 180. 
The electronic circuit 120 further includes a microprocessor-based servo controller 182. The 
servo controller 182 includes an analog-to-digital converter (ADC) 184, a digital signal processor 
(DSP) 186, a burst sequencer and timing circuit 188, and memory 190 such as random access 
memory. The DSP 186 includes a logic circuit 192. 

[0029] The electronic circuit 120 shown in FIG. 2, is coupled to one of the plurality of 
magnetic heads 110, that senses a magnetic field of the magnetic disk 102. The head 110 
generates a read signal corresponding to the magnetic field of the magnetic disk 102 while 
reading servo information recorded in a servo field zone of the magnetic disk 102. The read 
signal is amplified by the pre-amplifier 172 and transmitted to the R/W channel circuit 174. 
Automatic gain control (AGC) data contained in the read signal is sent to the R/W AGC and 
filtering circuit 176. An R/W AGC circuit included in the R/W AGC and filtering circuit 176 
monitors the AGC data contained in the read signal, and the read signal is filtered by a filter 
included in the R/W AGC and filtering circuit 176. The full-wave rectifier 178 rectifies the read 
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signal and transmits the rectified read signal to the peak detector 180. The peak detector 180 
detects the amplitude of the read signal. 

[0030] Next, the read signal is supplied to the ADC 184, which provides binarized samples of 
an analog read signal. The binarized read signals are transmitted to the logic circuit 192 
included in the DSP 186. The logic circuit 192 generates a location signal Q using burst signals 
A, B, C, and D read by the head 110. The location signal Q is stored in the memory 190 and 
provided to the actuator arm assembly 108 to move the head 110. 

[0031]Th e m e thod of F I G. 3 may b e r e p e at e d for e v e ry data zone of a d i sc, and wr i t e 
param e t e rs for each data zon e may b e d e t e rm i n e d wh e n th e opt i mum WC or th e optimum OSC 
i s obta i n e d. I nformat i on r e gard i ng th e wr i t e param e t e rs i s stor e d i n a syst e m cyl i nd e r, and us e d 
to optimiz e a wr i t e chann el und e r diff e r e nt e nv i ronm e nta l op e rat i ng cond i tions. 

[0032]FIG. 4 i s a f l owchart il lustrat i ng anoth e r m e thod of opt i m i z i ng a r e cord i ng curr e nt, which is 
d i sclos e d i n Korean Patent App l ication No. 2002 57325 f il od on S e ptemb e r 19, 2002 fi l ed by th e 
prosont app li cant. The method of F I G. 4 contro l s a record i ng curr e nt accord i ng to t e mp e ratur e . 

[0033]R e f e rring to F I G. 4, in op e rat i on 4 10 th e hard d i6 k driv e 100 r e c ei v e s a wr i te command 
from a host comput e r (not shown). In op e rat i on 420, a t e mp e ratur e s e nsor (not shown) 6e n6 e s 
th e t e mp e ratur e T of th e hard di 6 k driv e 100. Th e n, i n operat i on 430, i t is ch e ck e d wh e th e r th e 
t e mp e ratur e T m e asur e d by th e t e mp e rature s e nsor i s h i gh e r than a crit i cal temp e ratur e Tth. 

[0034] l n op e rat i on 440, i f i t i s d e t e rm i ned i n op e rat i on 430 that th e t e mp e ratur e T is high e r than 
th e cr i t i ca l t e mp e ratur e Tth, a WC i s reduc e d to a pr e d e t e rmin e d le v el . I f i t i s d e t e rm i n e d i n 
op e rat i on 4 30 that th e t e mp e ratur e T is l ow e r than or th e sam e as th e cr i t i ca l t e mp e ratur e Tth, a 
WC i s ma i nta i ned at its orig i nal le v el . 

[0035] l n op e rat i on 450, it i s checkod wheth e r th e va l u e of an OSC i s l arg e r than a crit i cal 
ovorshoot va l u e , OSth, sinc e th e rma l pol e t i p protrus i on (TPTP) of a hoad is also aff e cted by an 
OSC. H e r e , th e cr i tica l overshoot value, OSth, i s e xp e r i menta ll y m e asur e d at e v e ry po 66i b le 
t e mp e ratur e or a d e sir e d le v el of a record i ng curr e nt. 

[0036] l n op e rat i on 460, i f i t i s d e t e rmin e d i n op e ration 4 50 that th e va l u e of OSC i s l arg e r than 
th e crit i cal ov e rshoot va l u e OSth, th e OSC i s r e duc e d to a pr e d e t e rm i n e d le v el . 

r0037U 00311 A ftor op e ration 460, a r e cord i ng op e rat i on i s perform e d w i th th e adjust e d OSC. 
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f0038ir00321 In general, in a hard disk drive, a recording magnetic head is formed of metal, 
such as Permalloy containing 80% of Ni and 20% of Fe. And a slider, which supports the head, 
is formed of a non-metallic material.} 

fQO3Olf00331 Therefore, during a write operation when the recording current flows through a 
metal coil, heat is generated and causes different expansions in the recording magnetic head 
and the slider, because of the difference between coefficients of thermal expansion of the 
recording magnetic head, which is a metal material, and the slider which is a non-metallic 
material. The difference causes a circumference of a pole of the head to protrude. Such a 
phenomenon is called thermal pole tip protrusion (TPTP). 

f0040ir00341 Generally TPTP reduces the margin of the interface between a head and a disk, 
i.e., HDI, resulting in a decrease in the flying height of the head. If the degree of TPTP is 
beyond a desired level, the HDI deteriorates. In a worst-case scenario, excessively high TPTP 
causes a collision of the disk with the head, damage to the head pole, and thermal asperity (TA) 

f0044ir00351 FIGS. 3A and 3B illustrate problems caused by TPTP of a head. FIG. 3A shows 
the state of the head 110 during a read operation and FIG. 3B shows the state of the head 110 
during a write operation. Referring to FIG. 3B, a recording pole of the head 110 protrudes. The 
protrusion of the recording pole reduces the flying height of the head and causes the head to 
collide with a disk (not shown) in a worst-case scenario, thereby causing damage to the head 
pole, and thermal asperity (T A). 

fQQ42ir00361 TPTP is proportional to i 2 R. Here, i denotes the recording current and R denotes 
a resistance of a recording coil. 

f0043U00371 FIG. 4 is a waveform diagram of a generalized recording current. As shown in 
FIG. 4, the recording current has a sharp rising edge at a turning point of data to be recorded on 
a disk. Here, a DC substance of the recording current is called a write current (WC) and a rising 
substance of the recording current is called an overshoot current (OSC). 

£0044110038] The DC substance, i.e., the write current (WC), of the recording current maintains 
the intensity of a magnetic field to be almost equivalent to the coercivity of a hard disk, and the 
OSC actions such that it can trigger the raising of the intensity of the magnetic field to be the 
same as or stronger than the coercivity in a recording direction. 
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fQQ45ir00391 TPTP of the head is the most greatly affected by the OSC during a write 
operation. 

re046tr00401 FIG. 5 is a graph illustrating a variation in TPTP of a head versus a change in an 
overshoot control value. The graph indicates the magnitudes of TPTP in units of nm, when 
overshoot control values of a recording current are 0(a), 1(b), 5(c), 10(d), 15(e), 20(f), 25(g), and 
30(h), respectively. 

fQQ47ir00411 W hen the profile of TPTP is measured while changing an overshoot control value 
of the recording current, the higher the overshoot control value, the greater the degree of TPTP 
That is, the larger the overshoot control value of the recording current, the smaller a gap 
between the head 10 and the disk 102. An experiment revealed that TPTP was formed to a 
thickness of 10 A when the overshoot control value changed by four steps. That is, the flying 
height is reduced by about 10 % when the overshoot control value changes by four steps, 
considering that in general the flying height of the head 110 is about 100 A. This means that the 
performance of a hard disk drive can be greatly affected by TPTP 

fQQ48ir00421 FIG. 6, a variation in the BER versus a variation in the OSC depicts a V-shaped 
curve with a minimum BER BER_min as a bight. In this relationship, the magnitude of a 
magnetic field becomes smaller and the BER becomes larger when the level of OSC is low, 
whereas the degree of TPTP becomes greater and the BER becomes larger when the level of 
OSC is high. 

fQQ49ir00431 FIG. 7 is a graph illustrating a relationship between an OSC and a channel 
statistic measurement (CSM). As is apparent from FIG. 7, the relationship between the OSC 
and the CSM shows a similar pattern to the relationship between the OSC and the BER shown 
in FIG. 6. 

fQQ5Qir00441 Here, the BER denotes the rate of bit errors within predetermined numbers of 
data bits contained in a signal read using the head 110, and the CSM is a channel performance 
measurement obtained by measuring the rate of bit errors within a channel chip. BER can be 
measured more quickly using CSMs than using BERs. Also, the BER and the CSM have a 
roughly logarithmic relationship. 
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fQQS44r00451 Meanwhile, the degree of TPTP depends on the characteristics of the head 110. 
For instance, the degree of TPTP changes according to a material of the head 110 or the 
bonding degree of the head with the slider. 

fQQS2ir00461 FIG. 8 is a graph illustrating examples of TPTPs of different heads. The graph of 
FIG. 8 shows that the degrees of TPTP of different heads are different from one another. 

fflQ53ir00471 In the case of a head with a high degree of TPTP, the OSC increases, and the 
increase in the OSC results in a rapid increase in a BER, and the difference between an optimal 
OSC and a maximum OSC is large. But in the case of a head with a low degree of TPTP, the 
OSC and the BER increase or decrease gradually, and the difference between an optimal OSC 
and a maximum OSC is small. 

fQQ§4ir00481 In an embodiment of the present invention, a level of a recording current is 
determined in consideration of the degree of TPTP of a head, thereby enabling optimum control 
of the recording current. 

f0055tr00491 That is, the recording current can be optimally controlled in consideration of a 
change in ATE according to temperature by stopping recording on tracks adjacent to the target 
track, or recording on tracks adjacent to the target track a different number of times. Also, it is 
possible to minimize problems caused by TPTP of a head in consideration of temperature by 
measuring the characteristics of TPTP under the above test conditions and selecting OSCs 
corresponding to minimum BERs obtained with respect to the characteristics of TPTP. 

fQQ56ir00501 A ccordingly, the method of optimizing a recording current enables setting of an 
optimal recording current according to temperature, based on the degrees of ATE and TPTP 

£00§g[0051] FIG. 9 is a flowchart illustrating a method of optimizing a recording current 
according to an embodiment of the present invention. 

fQQ58ir00521 Referring to FIG. 9, in operation 902, an OSC corresponding to a small error rate 
is detected under an on-track condition. 

fQQ59ir00531 In detail, in operation 902, at a given OSC, data is recorded on the target track a 
predetermined number of times, e.g., ten times, and the data is read from the target track a 
predetermined number of times, e.g., six hundred times, and the rate of errors in the data is 
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measured. The characteristics of TPTP of the head are measured by repeating this process 
while changing the amount of the OSC 

fQQ6Qir00541 Here, the rate of errors may be a BER or a CSM. In general, the OSC can be 
controlled by 32 steps but it is preferable that OSC is swept by 28 steps for safety. 

fOO644r00551 Next, an OSC, OSC_1 , corresponding to a minimum BER (or CSM) is selected 
with respect to the detected characteristics of TPTP, i.e., the OSC vs the BER(or the CSM). The 
selected OSC, OSC_1 , is used in a low-temperature mode. 

fOOSaf00561 In operation 904, data is recorded on tracks adjacent to the target track a 
predetermined number of times, N, e.g., one hundred times, and an OSC corresponding to the 
smallest rate of errors in the data recorded on the target track is determined. 

fQQ63ir00571 More specifically, in operation 904, at a given OSC, data is recorded on tracks 
adjacent to the target track one hundred times, data is read from the target track a 
predetermined number of times, e.g., six hundred times, and the rate of errors in the read data 
is measured. This process is repeated while changing the amount of the OSC to measure the 
degrees of TPTP. 

fQQ64ir00581 Next, an OSC, OSC_2, corresponding to a minimum BER (or CSM) is selected 
with respect to the measured degrees of TPTP, i.e., the OSC vs the BER (or CSM). The OSC, 
OSC_2, is used in a room-temperature mode. 

fQQ€5ir00591 In operation 906, data is recorded on tracks adjacent to the target track a 
predetermined number of times, M, (M>N), e.g., a thousand times, and an OSC corresponding 
to the smallest rate of errors in the data recorded on the target track is determined. 

fQQ66lf00601 More specifically, in operation 906, at a given OSC, data is recorded on tracks 
adjacent to the target track a thousand times, data is read from the target track a predetermined 
number of times, e.g., six hundred times, and the rate of errors in the read data is measured. 
The degrees of TPTP are measured by repeating this process while changing the amount of 
OSC. 

fOO§g[0061]_Next, an 0SC i OSC_d, corresponding to a minimum BER (or CSM) is selected 
with respect to the degrees of TPTP, i.e., the OSC vs the BER (or CSM). The OSC, OSC_d, is 
used in a high-temperature mode. 

11 
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Igg6§l[0062] The method of FIG. 9 is also repeatedly performed while changing heads and 
data zones, to obtain recording current set parameters for different heads, different data zones, 
and different temperatures. The obtained recording current set parameters are stored in a 
system cylinder, or non-volatile memory. Desired recording current set parameters are 
individually selected and used to match operating environmental conditions. 

£0g§gj[00§3] But there is a chance that a minimum BER (or CSM) will not be properly selected 
with respect to the degrees of TPTP obtained by the operations defined in FIG. 9. In particular, 
a CSM is a smaller value than a BER, and thus might result in a change in recording conditions, 
due to an ignorable error. 

fOO7Olf00641 FIG. 10 is a graph illustrating other examples of TPTPs of different heads. 
Referring to FIG 10, there are two OSCs: OSC1 and OSC2, corresponding to a minimum BER. 
In this case, normalization of the two OSCs, OSC1 and OSC2, is required. For normalization, a 
mean value of the two OSCs is computed to obtain an OSC, OSC_mean. But normalization 
may be performed using another method. 

IQQZ4ir00651 If TPTPs of different heads are measured using CSMs versus OSCs, the value 
range of an OSC obtained by normalization is within 1 .3 times of a minimum CSM, according to 
one aspect. That is, a CSM corresponding to a selected OSC is limited to a value that falls 
within 1.3 times that of a minimum CSM. 

f00?ar00661 If an OSC measured in a particular data zone of a disk is considerably higher or 
lower than OSCs measured in adjacent data zones, it is obvious that the OSC for the particular 
data zone is erroneously measured. In this case, normalization is performed with respect to the 
OSCs measured in the adjacent data zones. 

tQQ73ir00671 Meanwhile, operation 904 of FIG 9 may require a lengthy test time since data is 
recorded on the tracks adjacent to the target track many times. To solve this and/or other 
problems, operation 904 may be simplified by selecting a data zone in each of the inner 
diameter (ID), middle diameter (MD), and outer diameter (OD) of the disk, and measuring OSCs 
in only the selected data zones. The respective OSC values are used throughout all of the data 
zones of the ID, MD, and OD. A range of the change in an OSC may be determined to be 
narrower. For instance, if the range of change in an OSC is determined to be 32 steps, a high 
OSC is not required in a high-temperature mode, and thus is changed within a range from two 
to ten steps. 
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£g074j[00§g] A lso, the value of the OSC, OSC_d, may be set to a value between the OSC, 
OSC_2 suitable for a room-temperature mode, and an OSC corresponding to a minimum BER, 
which is obtained in operation 906. 

iOQ75tr00691 In conclusion, the method of optimizing a recording current, shown in FIG. 9, is 
based on a fact that different heads have different recording and ATE characteristics. That is, in 
the method, the recording and ATE characteristics of an individual head are measured and 
stored in a system cylinder or a buffer; a minimum WC and OSC are set to correspond to 
operating environmental conditions within a range where the recording capability of the head is 
not altered, in consideration of ATE characteristics; and high WC and OSC, corresponding to a 
minimum BER, are used at low temperatures. Accordingly, a recording current can be 
optimized, while ensuring the recording capability of a head. 

IQQ76ir00701 FIG. 11 is a flowchart illustrating a method of setting a recording density, 
according to an embodiment of the present invention. 

tQO77ir0071l In the method shown in FIG. 11 , the rate of errors in data is measured under the 
worst operating environmental conditions, the measured rate of errors is compared with a 
predetermined threshold, Error_c, and a recording density is set based on the result of the 
comparison. 1> 

fQQ78ir00721 Referring to FIG. 11, the range of the change in an OSC is set in operation 1102. 

f007Wr00731 A lthough the range of the change in an OSC is set to be as large as possible, it is 
preferable that, for safety, the range is slightly lower than the maximum range. For instance, if 
the OSC can be changed by a maximum of 32 steps, the range of the change is determined to 
be 28 steps. 

tQQ8Qir00741 In operation 1104, data is recorded on a target track a predetermined number of 
times, I, and recorded on respective adjacent tracks a predetermined number of times, J. 

fOO844r00751 In operation 1106, data is read from three tracks a predetermined number of 
times, K, and errors contained in the read data are detected. The three tracks, while adjacent to 
the target track in the same direction, are selected from a total of seven tracks. The reason for 
recording data on the three adjacent tracks is because either magnetic leakage in a recording 
head may be generated either in a gap between recording poles or in a recording pole itself, or 
because a skew of the recording head must be considered. 
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f0082ir00761 In operation 1106, the levels of conditions that determine errors are lowered. For 
instance, an error-correcting code (ECC) length is reduced to be 12 bytes long, and the number 
of retries is also reduced to two times. If the ECC length is reduced to 12 bytes long, the 
capability of correcting errors is lowered. Also, since the number of retries is reduced to two 
times, the capability of correcting errors is further lowered. 

f0083ir00771 In operation 1108, the number of errors is counted. 

f0084jr00781 In operation 1110, the number of errors is compared with the predetermined 
threshold, Error_c. 

fgg§gi[0079] In operation 1112, if it is determined in operation 1110 that the number of errors is 
larger than the predetermined threshold Error_c, tracks per inch (TPI) and the recording 
capacity are set to be lower than desired levels. Otherwise, the TPI and the recording capacity 
are set to the desired levels in operation 1114. For instance, the TPI is reduced to reduce a 
storing capacity when the rate of errors is larger than the predetermined threshold, Error_c, and 
a maximum TPI is maintained to maximize the storing capacity otherwise. 

tggg§M0080] Here, the predetermined numbers I, J, and K may be changed according to 
quality requirements. 

f0087ir00811 In the method of FIG. 11, the recording density is set while changing an OSC. 
But the recording density may be set while changing a WC or other factors. 

£0088110082] The method of FIG. 11 is performed per head and data zone, and, the recording 
capacity of a disk and the TPI per data zone are set based on the result of performing the 
method. 

£0080110083] In the method of FIG. 11, the rate of errors is measured under worst ATE test 
conditions of a hard disk drive, and the TPI or recording density of the disk is set based on the 
rate of errors. 

£0000^0084] A s described above, in the method of optimizing the recording current, TPTP of 
heads are measured under test conditions suitable for operating temperatures, and recording 
parameters are determined, to obtain a minimum rate of errors, thereby obtaining an optimum 
recording current. 
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fQQS44r00851 In the method of optimizing the recording current, the recording and ATE 
characteristics of individual heads are measured; the result of the measurement is stored in a 
system cylinder or a buffer; a WC and an OSC are set to minimum levels under actual operating 
environmental conditions in consideration of ATE characteristics of the head, within a range 
where the recording performance of the head is not altered; and the WC and the OSC are 
adjusted to high levels to correspond to a minimum BER, at low temperatures. Accordingly, the 
recording performances of individual heads can be ensured in consideration of their different 
recording and ATE characteristics. 

fQQ821f 00861 In the method of setting the recording density, the rate of data errors is measured 
under the worst ATE test conditions that can be expected in the hard disk drive, and the TPI, or 
recording capacity, of the hard disk drive is set based on the measured rate of errors, thereby 
determining a minimum recording capacity thereof. 

fQQ93ir00871 The "low temperature," and "low-temperature mode" discussed herein 
correspond to a range of temperatures of approximately 5-15 °C. The "room temperature" and 
"room temperature mode" discussed herein correspond to a range of temperatures of 
approximately 20-30 °C. And the "high temperature" and "high temperature mode" discussed 
herein correspond to a range of temperatures of approximately 40-50 °C. 

fQQ94ir00881 A lthough a few embodiments of the present invention have been shown and 
described, it would be appreciated by those skilled in the art that changes may be made in this 
embodiment without departing from the principles and spirit of the invention, the scope of which 
is defined in the claims and their equivalents. 
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